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ABSTRACT: 

PURPOSE: To improve the quality of a film formed on a substrate by placing a 
substrate side magnet as well as a target side magnet so as to increase the 
uniformity of sputtering from the surface of a target and the rate of 
sputtering. 

CONSTITUTION: A magnet 1 1 is placed behind a substrate 6 in a sputtering 
apparatus. The magnet 1 1 generates a magnetic field on the surface of the 
substrate 6 parallel to the surface of a target 7 in the plasma generating 
region between the target 7 and the substrate 6. The direction of the magnetic 
field coincides with the direction of a magnetic field generated by a cathode 5 
side magnet 4. The substrate side magnet 1 1 may be similar in shape and 
structure to the target side magnet 4. 
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Specification /1: 


Sputtering apparatus 


1. Title of invention 

2. Scope" of patent claim ' rw 

a q&aoous &.*v c-j?v-\e—i" Duo tc 
A sputtering device in which plasma ' is generated in the 
r • ?ther vases ; % .aa J r «- tar / * 
re ? ° n be , tWeen ta ^get (V) and the base' pi'ate (6) ' through 

a magnet (11). located on the base plate" side; said magnet 
9enerkting a magnetic field whose orientation is parallel and 

in the same plana! direction in relation to the target surface 

-T*.£ conf i aura tiers cf*>e ■•** - 

as the magnetic field generated by the' cathode W 3ide' 'magnet 

. > yJ'Ur device ?. <~t « -. iff i - - * • • 

3. Detailed description of indention V " ' 

narc-ile.ls to th* t..\rt:*v w.- f. v -.- r< - : . ... ... „ . 

(Brief) ' : " ! . • -■ • -■' - : ' n : r . 


This invention is "a type of widely used mag^rbn"' 
sputtering device which employs a' FVD (physical 'vapor' r " 5: r 
di^Sss to S SirT^; depicted 
here utilizing a magnet at the base plate, as well as behind 
the target/ which acts to prevent damage to «ie "base plate/ ' 
widen target erosion' area, improve rfUm'gualityV and increase 
the sputtering rate. ! " 

(The different usage in industry) 

The concept of a sputtering apparatus is to apply metallic 
and alloy films to a plate located between opposing 


* Numbers in margin indicate pagination in the foreign text. 
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electrical poles ;ri<This -invention improves the magnetron type 

of sputtering apparatus through *he employment of a magnet; 
cln>«the magnetron type ; eof sputtering apparatus/- -the formed thin 
Tfilm and the>target> plate, jwhich are made by the *same material, 
placed in a <gaseous environment. Due to the ion collision of 

argon aor>other -gases iagainst thectarget platen the ^atoms of the 
^target plate ^ump tto^the vbase plate located between the poles. 

This -is the cma j or principle utilized <to form a single metal or 
•"alloy.-films;J.d .and _ti*&. ..&p;>.-. ; v.'- r^rei:-. !':• • » •• .■ • • 

» r^eizher : con^gtirat:ioili<of^jthe- widely-used magnetron type 
.sputtering.cdeviceJ3ales iin? t3»e.*pplfcation aof *a [magnetic field 
ipara'llels «to jttte etorgete tsurf ac&^and in which an orthogonic 
magne^cjf^ldjjis ^ipplU ed .etc the ^ield^bel^e^tAe Itarget and' 
-baseplate ^ csaid -orthogenic ^na^netron field rcausing::the.<plasma 
to' become entrapped Within «the -target ^vicinity where tHe ,o ^ 
generation <of > argon ions is induced. 

; «y in -regards to: operation of the sputtering device, it has 
been :? on sidere d ^desirabl e to improve the apparatus . in a , 
manner which can prevent damage to the base plate resulting 
from ion collision and pr opagate more ev en and efficient film 
depos itio n. • t'r. p\ ■■ .< ■ 

(Traditional technique) •.. 

Figure 2 provides a brief illustration of the widely used 
traditional magnetron type of sputtering appointments. 

The operating area is in a vacuum tank (l) which includes 
an emissive outlet r(2) and gas inlet (3) . The target plate is 
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supported -by cathode . ( 5 ) • . * > i o v. 

A magnet (4) 'is installed behind .target (7) in order to 
generate- a .magnetic field parallel to the target ' s ^surface. 
The awafer .baseplate (6) supports the cathode secticm.^through 
support if rame (8);K; r . .^-i L ^ ;;:o 

peri yAs rshown ein the ■ figure , a . negative voltage to the -cathode 
is* applied froxnnther.DC .power supply* (10) • 

y * v An orthogenic ^magnetic field generated by this magnet » s 
magnetic r field and the applied - DC current is formed* above ; the 
target surf ace ^where rthe -electrons ceduce a acycloidal ^movement 
which propagates targon ion pgeherat ion /to raise nplasma ;dens ity 
and improve sputtering &eff iciency*t i ~ ; ^ u parallel to tn, 
:,rt> The ^aforementioned, magnetron type of sputtering; apparatus 
is c very r.effective^neThe vapor deposition technique, for metals 
and • their jal loy s nis awidely employed . with the magnetron .type of 
sputtering lapparatus . 

(Problems r which can be solved with this invention) 

As mentioned above , the problem of the traditional 
technique of the sputtering apparatus is that the magnetic 
field is not even over the target's surface. Therefore, the 
vapor deposition is not smooth. At the same time, the 
collision of electrons and argon ions against the base plate 
damages the .base plate. 

In order to provide good distribution of the vapor 
deposition film and reduce damage to the base plate, becomes 
necessary a wide gap between the base and target plates. That 
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is why the sputter ingvrate. is ,low. 

> :In order to get a good, distribution of step coverage 
(coverage rof a. segmented,,- thin film) , the erosion area (the 
eroded area sputtered to. the surface of the target plate) on . 
the perimeter of the: base plate-must be eroded beyond -its L ^ 
peripheral specification.^ In. addition, heat increases genera 
the volume.. of ithe <charge power -.-increases „ ; . . 3 cr. -»rat:in- •■«•.! 
(Methodology of the solution) •: 

-This invention significantly .minimizes.:rthe_i problems in-,, 
the plasma generation region between the target! and, base plates 
o£t<magnatron; sputtering 'apparatuses by. utilizing a <magnet on 
the ^cathode is idejtq ^create -a-, magnetic field parallel-, £ tO.. : the ) 
target^, and, by? {utilizing a magnet : on the base plate, jside vto~t ■ , ' 
create>another:fmagnetic.;field .in>^the same. .directional o .the 
orientation jas. the aforesaid magnetic field generated hri. the 
cathode side.- -.arget sar:a::« rh^ e « E---.ont.ai n- aha: >cci field".- «: 

(■Function) ic <j':rtr. is-, c* cx.«xr.r. , z hfi;r ; >- .t.t-_.-. ' 

. : . ; With this .invention, the base plate side magnet educes a 
magnetic force line distribution pattern above , the target 
surface, a pattern which exhibits a flattened and compressed 
characteristic more parallel to the target surface than 
patterns found in conventional designs. <As a result, the event 
distribution of the magnetic field above the target surface is 
enhanced, erosion area is widened, and the guality of the 
deposited film is increased. 
(Experimental Example) 
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• . tfigure 1 contains detailed explanation of this 
experimental example. Explanations relating to conventional 
technology are abbreviated. 

The difference in Figure 2 is that the ; magnet (11, is set 
at .the.base plate side. The configuration of the magnet is 
similar 3 to.>that of the target-plate magnet™^ 

Thevtwo magnetic fields in the plasma generating region 
between the target and; base plates are configured so that they 
are parallel to the target surface. Each magnet is positioned 
so that its plarity is in opposition to opposing and adjacent 
magnets. :, As, a result, this design creates a magnetic force 
line distributioncpattern which is flattened and comprised 
through the mutually repulsing effect of the opposing magnets, 
said pattern -assuming an orientation almost parallel to the 
target surface.,, This flatter magnetic field is positioned 
closer to the target surface than the mountain-shaped, field of 
conventional magnetic distribution patterns, a characteristic 
easily recognizable in diagrams 1 and 2. The result of t his, _ 
pattern is an increase in plasma density and plasma distribution 
over the target surface. 
(Effect of this Invention) 

/3 

The above description of this invention explains the 
Placement of a magnet on the base plate side which improves 
the evenness of the process from the target surface, increases 
sputtering speed, and improves the quality of the thin film at 
the base plate. 
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gfcef explanation of figures 

jgure 1 is a cross sectional view of the magnetron type 
Ottering apparatus. 

? Figure 2 is an illustration of the traditional magnetron 

aratus . 

■>• 

The following are the items in the figure: 

1. Vacuum tank. 

2. Emissive outlet. 

3. Gas inlet. 

4. Magnet. 

5. Cathode. 

6. Base plate. 

7. Target plate. 

8. Support plate. 

9. Insulators- £*: f.i'c-. •■£;:£ magnetic:: cy.V 

10. Power -source. t.;-p.--.r»ras jharar*:ei- l r .f? c 

11. The magnet characteristic of this invention. 


Agent: Attorney Hirosaburo Matsuzaka. 
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The cross section of the magnetron type 
varof sputtering apparatus characteristic 
r'-i i of this invention 


Figure 1 
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